The 4™ International Conference of the International Forum on Urbanism (IFoU)
2009 Amsterdam/Delft
The New Urban Question — Urbanism beyond Neo-Liberalism

COMPUTATIONAL URBANISM
- A PARAMETRIC RELATIONAL URBAN MODEL FOR URBAN PLOT
RATIO ALLOCATION

Han Feng* & Yu Zhang**

*Hyperbody, Delft University of Technology, Julidaan 134 2628BL Delft, the Netherlands,
ga.hanfeng@gmail.com
**School of Architecture, Southeast University, &ilpu 2 postcode 210096, China, zy033@163.com

ABSTRACT: Urbanism operates with massive dynamic urban d&a.that, various urban code systems
have been implemented for data registration. Howeue capacity of processing and cross breedingethe
data is rather limited. This paper stresses theeqtrof similarity matrix as the unifying factor ¢construct a
parametric relational urban model that can meanihgtross breeding different kinds of urban data a
synchronize other urban analysis tools, such asespgntax. This parametric relational urban model c
dynamically adapt to the development of its phylsicaunterpart in selected aspects. The internail asiity
pattern of the existing urban fabric exposed bg titban model, can provide rational suggestiorenture
harmonious urban development strategies that preskee typological urban form for particular citysaudy.
Besides, it is also possible to incorporate topgavtervention input, by which radical planningentions
can be tested and compared with real-time feedbgttieir impacts on the entire urban fabric.
KEYWORDS: planning culture, bottom up system, similaritynegnic equilibrium

1 INTRODUCTION

Urbanism, by nature, operates with massive dynamban data. For that, various urban code systems
have been implemented for data registration. Howe&aenpared with the huge amount of data accunuljlate
our capacity of processing and cross breeding thes® is rather limited. This problem starts todoee
more crucial with the switch of urban planning oudt from top-down towards bottom-up approach, which
regards the urban fabric as a self-organizing cemgystem that exhibits great complexity and hugeumt
of internal interactions. Under this light, new ambquestion is legitimated: if it is possible tanstiuct a
common platform to process and cross breeding rdiifekinds of urban data so as to improve our
understanding/influence on the complex urban fafiooim a bottom-up point of view?

This paper proposes the concept of similarity matis one possible solution to the question above.
Similarity matrix refers to the matrix of mutualnslarity coefficients for all actors within the sam
bottom-up urban fabric. The definition of actottliis context can be rather flexible. It can beasebuilding,
street or urban plot, as long as there are sufiicigban data to support such subdivision method. B
cross-breeding different kinds of urban data thatessociated with such subdivision method, thamatric
relational urban model can be constructed to reflezinternal similarity pattern of the physicaban fabric.
This parametric urban model can provide rationalggestions to ensure harmonious urban
development/renewal strategies that preserve fi@dgical urban form for particular city at studesides,
it also allows top-down intervention inputs, by wiiniradical planning intentions can be tested amdpewed
with real-time feedback of their impacts on therentirban fabric. Moreover, this parametric relatiburban
model can evolve together with physical city, eaelv relevant update of the physical city, oncesteged
into the urban model, will trigger a reconstructimfithe internal similarity matrix of the urban nedvhich
ensures the urban model to be constantly up totdateflect the new urban condition and make plagni
suggestion accordingly.

This resultant self-regulatory urban model withxitide intervention inputs, is not only a credibé®k
for understanding the hidden similarity patterrudfan fabric, but also an effective platform toivaate and
compare different urban design proposals. Follovitrgy basic principle of the parametric relationddan
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model, different applications can be envisioned tbeeals the great potential of enriching urbavegoance
and planning with computational technology fromadtdm-up point of view. This paper will elaborate o
the first application of the parametric relatiomaban model, the Urban Plot Ratio Allocation softeyao
introduce its computation principle and applicati@tue in the urban design scenario.

2 ABSTRACT PRINCIPLESFOR THE DECISION OF PLOT RATIO

The Plot Ratio or Floor Area Ratio (FAR), whichuised in zoning to limit the amount of construction
many countries, is the ratio of the total flooraadé buildings on a certain plot to the size of ldred of that
plot. The decision of the plot ratio is usually @®n the experience of planners and the negatibgtween
the related groups, which refers to not only thedown intentions of the planner or mayor, but atsgual
references of many other similar plots in the &ityn a holistic point of view. Thus, the decisidnadblock’s
plot ratio in the planning process can be conclualigl the following two aspects:

(1) Evaluating the block's potential for developrmeffor example the condition of the site,
transportation, function, environment, etc., at shene time satisfying the control requirement ef dinban
codes on the block. More potential lead to lardet mtio and tighter control means less developgm8ao
the comparison between the blocks is much more imgfah, which fetches out the more important second
aspect.

(2) Referring to the plot ratio of the blocks witmilar land conditions and urban codes. To be &lir
the similar blocks should be considered no matteplot ratio is high or low. And the higher thevdé of
similarity between two blocks goes, the higheriingual reference value between them goes. Acttiaiy
is the main principle followed in the decision pees.

In general, the decision of plot ratio is a conssnsrocess based on the reference to the valdgeof t
similar blocks with relatively rational plot ratiayhich usually adulterates subjective and unfaatdies
because many different people and groups are iadalv the process. Moreover, except for referrmthe
similar existing blocks, the decision of a bloclshia consider the influence to other blocks to &eetbped
whose influence to their similar blocks should ats® investigated... as for the complexity of all the
interconnections between plots and the huge amouniformation that need to be processed, a precise
understanding of this process is far beyond dinechan comprehension. What is presented in thisrpape
the software to simulate the interaction betweesthd with the above mentioned principles: Firstig t
evaluation of each block is quantified, based oickithe similarity matrix for all the blocks can beeated.
When the plot ratio of the existing blocks inpue thystem, the software will calculate the valuethsf
pendent blocks gradually with a large number aérimttions between all the blocks and the systenstem
the equilibrium.

The algorithm, operation and application of thesafe will be clarified in the following sectionstiv
the case of Changzhou, a Chinese city.

3 TECHNICAL PROCESSAND ALGORITHM

The workflow of the urban plot ratio allocation seére may be interpreted as the following four step
(Figure 1).
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Figurel Plot Ratio Allocation algorithm workflow

3.1 Multifactor evaluation of plots

Firstly, the urban land is divided into plots whiate numbered one by one according to the planning
road network. Then, a list of universal plot atitigs will be introduced, such as land functioneasility,
etc. As for different kind of plot attribute, difient evaluation method can be applied, such as aongp
available urban data, adopting urban analysis sofivand analyzing questionnaire. All of the ploth e
evaluated separately for each kind of universalbaties. The result of this evaluation is a matifxplot
attribute factors set between 0.5 and 1.5, whigleals the potential for each plot to be developtigher
value here means more potential for developmernt,vace versa. These evaluated block attribute facto
may be grouped into the following two types:

(1) Function factors. These are the objective efééehe existing urban codes and master plan, lwhic
may include land function, accessibility, etc. e tase of Changzhou, the factor value of landtfomgets
lower and lower from commercial, office, residehtand to industrial and warehouse land determibgd
the master plan. And the accessibility of a pladé§ined as the average of the two largest integratalue
among the axes surrounding it based on the spataxsgnalysis of the road network (Hillier 1996heT
conversion of the value to the range of 0.5 andslexpressed with Eq. (1)

AX: IX Imln +05 (1)
max— | min

Where Ax is the accessibility value of a plot, &the average of the two largest integration value
among the axes surrounding the plot, Imin and larvaxthe minimum and maximum value among all the Ix.

(2) Landscape factors. These are the subjectiveriabased on the holistic conceiving of the urban
form and landscape, which may include the contfolisual corridors, historic sites, key areas téoura
open space, etc. In the case of Changzhou, vafube plots under the visual corridors are set.&s\alues
of the plots beside the estuaries, rivers and puften space are set between 0.7 and 1.5 accdalityy
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sensitivity to the landscape; values of the plath Whe national, provincial or municipal monumeme set
as 0.5, 0.8 and 1.1, the historic sites are set%as/alues of other plots without control requimrhare set as
1.5.

According to the above mentioned evaluation stahd&igure 2), the matrix of the plots attribute
factors is created which is the basis of the skitylanatrix of all plots. It should be pointed dhtt different
cities may choose different attributes accordinth&r characters and the comparative relationushmore
meaningful than the absolute value of each attilfadttor.

Landscape Attributes
I ] ]
Visual corridors Natural open space Historic sites
|
[ \
_ i _ , u
7 | T | l\v , il 1 Y . l |
0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 14 1.5
L] 1 1 1 ] T 1 1 1 \
\
Land functions Accessibilty
1 ‘ i)
Functional Attributes

Figure2 Multifactor evaluation standard of land attribute€Changzhou case

3.2 Rdationsbetween blocks based on their similarity
The similarity coefficients between all the blockay be calculated based on the multifactor evalnati
of plots by the following formula, Eq. (2), adaptiedm the algorithm of standard deviation:

2

1/2
S =1- [Fan=Faq)] +[F20=Fz2 |+ +[Fo-F )|’
J n
i=1,2,---,m; j=1,2;-- m

Where Sij is the similarity coefficient between tpiand plot j, F1, F2, ...,Fn are the various attté
factors of the plots, n is the number of attribfstetors, m is the number of plots. As the valueslbthe
attribute factors are set between 0.5 and 1.5sithiarity coefficient calculated with this formuwaill fall in
the range of 0-1. The two blocks will share higharel of mutual referential relation if their similty
coefficient tends to 1.

Then a threshold for the general similarity coéint is set to control the overall level of conmaty
within the entire system, i.e. if the similarityeafficient of two blocks is more than this threshdite two
blocks will be regarded as interconnected and kbieratios of them will refer to each other. Theetshold is
set as a variable in the software and the defalliavis 0.8.

The neighboring condition may be considered aseaiapkind of similarity, which is the reason why
the neighboring blocks usually have the priorityeter to each other for the decision of plot ratilocation.
To simulate that, the threshold for the similadtefficient of the neighboring blocks is set lovilean the
general similarity coefficient threshold. The ddfaalue is 0.75 in the software.

Therefore the similarity matrix is created whichthie ground for the interaction and mutual refeeenc
between blocks. It should be pointed out that tbgrele of the interconnection is also depended e th
similarity coefficient, which will be clarified ithe next section.

3.3 Interaction and equilibrium

In total, there are only three types of plots dafinexisting blocks, pendent blocks and excluslgels.
The existing blocks refer to the blocks whose p#itos are regarded as rational and will be kepistant
throughout the computation process. The penderkbloefer to the blocks whose plot ratios are sikije
change during the computation process. The exduBlgcks refer to a collection of special blockatth
exhibits irrational plot ratio due to particularasens, and they are naturally excluded from system
interaction.
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All existing and pendent blocks will iterate thrdugll their connected blocks for their plot ratensd
the shared similarity coefficients as the basicapaaters to realize the internal system interactibmve
consider the system to have only two active blak#\ and B, who share the same similarity coeffitcad
S-ab, then the new plot ratio of A for next itepatiwill be the sum of current plot ratio of A anuet
amendment factor it receives from B, which candlewated by multiplying S-ab with the differendepbot
ratio between B and A. For the computation systperating with multiple active blocks, the proceaa be
expressed with Eq. (3).

P-F)S
(PoR)s ©)
n

Where Px is the plot ratio of a block after x rowadculation, Px+1 is that after x+1 round calcolat
Pi is the plot ratio of every connected blocksisShe similar coefficient to every connected bkdk is the
number of the connected blocks. When the systedstenequilibrium Px+1 will be almost equal to Px.

It is necessary to include the existing blocks imitie interactive system, as they may serve ak)bsi
to facilitate interactions between pendent blodkat tare not directly connected. Thus, to presenedr t
confirmed plot ratio to be constant while realizithgir conductive function, a mirror value is irdezed,
that can be used to transmit the internal forceived by an existing block back to its connectextks. The
relation between mirror value and calculated vétuexisting blocks is written as Eq. (4).

Px+1= Px+i
i=1

Px+1'=2Po— P+1 4

Where PO is the confirmed plot ratio of an existiigck, Px+1 is the plot ratio calculated by Eq), (3
Px+1"is the mirror value of Px+1 to PO and will beed in Eq. (3) for the next round calculationudtall
the interactions in the system are expressed. Wheenystem tends to equilibrium Px+1" will alsodmost
equal to Px'.

Figure 3 shows the plot ratio self-organizing pssén the case of Changzhou, where the existing
blocks are displayed in sandy beige and the peraedks are in puce which were flat at first anentlgrew
up and down before equilibrium at last. The fluotuprocess of the pendent blocks are demonstrated i
Figure 4, where the plot ratios of all pendent ktowere set to 0 at first and then undertook timglividual
fluctuation curve until they tended to stabilizatiat the fourteenth round of calculation. Differemitial plot
ratio settings for pendent blocks will not make atifference to their end result at equilibrium. disen
enough iterations, the stabilized plot ratios foe tpendent blocks will only be determined by the
combination of the confirmed plot ratios from theonnected existing blocks and the predefined syste
similarity matrix. Thus, when the system reachedldmium, the plot ratios combination of pendehddks
will be the unique rational outcome derived frora gelf-organizing process.

Figure3 Interaction process of the blocks (Changzhou)
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Plot Ratio

Figure4 Fluctuant Process of the Pendent blocks (Changzhou)

Figure 5 records vibrations of calculated valuet{Bxand mirror value (Px+1’) of the existing blocks
Eq. (4). The definition of system equilibrium fdnig software comes from the fact that the diffeeenc
between subsequent calculated value and mirroeviabm all existing blocks infinitely tends to Ohds,
instead of a static equilibrium, this software @pes with a dynamic one that literally represehts éver
lasting internal tension of the physical urban i@br

10

Plot Ratio
jae)

Figure5 Calculated and mirror value of the existing blo@Reangzhou)

3.4  Input/Output and circular running
The inputs to this software include a vector ba8ddurban model and spread sheet data of plot

evaluation factors. The outputs will be a transfedn3d urban model and spread sheet data of sudgeste
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ratios for all pendent blocks. Designed as an ggestem on circular running, this software can seashy
incorporate real-time external top-down design riatens into the running system. Designer can assign
arbitrary plot ratio to any pendent block then centivthat block into an existing block so as to obsdhe
impact of such planning intension. Or the desigragr free any existing block as pendent block, s et

the system calculate the optimized plot ratiosthis particular block. Besides, multi layered imf@tion

will also be displayed to facilitate the designidem making process.

4 PARAMETERSAND THEIR MEANINGSIN URBAN DESIGN

All the parameters to be displayed and controlledpaesented in the right hand window of the saftwa
(Figure 6) In general, these parameters can bdumeat with four modules:

(1) Information display which shows the basic imfiation about the current selected block includtag i
number, plot ratio, factor scores, connected andhbering blocks. The current selected block wid b
blinking and its connected blocks will be preseriteckd color in the view window (Figure 6).

(2) Statistical analysis which shows the plot ratithanging process of the current selected block a
the sum of all the blocks.

(3) Import and export which is used to update tipaif urban data and output the outcomes.

(4) Design parameters which are the most importardule to carry out the design intervention digectl
The design parameters will be interpreted in folfaytwo types:

»
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Figure 6 Interface of the software with the panel on thétrig |

4.1 Parameterson plot

The plot ratio of each plot may be modified on g for the existing blocks, such modification viok
directly reflected in the next iteration of compida. As for the pendent blocks, designer will nezdurther
declare the target block as an existing block bgosing the option of ‘Confirm’ in the panel (FiguBg.
Figure 7 shows the general disturbance processaftependent block was manually assigned witlggebi
plot ratio and confirmed as an existing block. Eious plot ratio disturbance at the™iferation faded
away for most of the pendent blocks, however thame a few plot ratios heavily affected by this
modification. The reading of figure 7 fits well yawith the system assumption, which indicates aenpéot
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ratio fluctuation will heavily affect the directlgssociated pendent blocks, while have less impadhe
iteratively associated ones. Therefore, by obsgrthe general impact of certain top-down desigarision,
this software can be applied as an effective weoktrify the planner’s intention and activate theiation.

Plot Ratio

1 2 3 4 5 6 7 & 9 10 11 12 13 14 15 16 17 18 19 20 21 22
X

Figure7 Disturbance process by changing a blocks plot ratio

Some special blocks, for example those with spdaiattions or with unusual development may be
regarded as the enclaves by choosing the optitExa@iusive” in the panel (Figure 6). Then they wilbt be
involved in the interaction process. All these pagters together ensure a flexible and effectiverobof
the software to cope with the complex urban deargphplanning situation.

4.2 Parameterson relations between plots

The general relations between blocks can be coedrolith two methods. The first one defines the
global similarity threshold to manage the overaVdl of connectivity. The second one changes the
combination of factor weight to modify the initisimilarity matrix. These two methods will be speif as
following:

(1) The overall level of connectivity between blseckan be adjusted by changing the value of
“Threshold Simi.Glob.” in the panel (Figure 6). $iparameter defines the similarity threshold foy &mo
blocks to be regarded as connected, i.e. the amadliee of the threshold means each block may be
connected to more blocks and the consequence withat all the pendent blocks tend to have equal pl
ratio with each other. This parameter can be chdgefly, as shown in Figure 8, when the thresheid
changed from 0.80 to 0.70 at thé"iteration, the plot ratios range of all pendemtchk get smaller.
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Plot Ratio
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Figure8 Disturbance process by changing the thresholdnaifagiity

There is also a separate similarity threshold @etdntrolling neighboring connectivity. This thhedd
can be controlled by adjusting the value of “ThmdhSimi.Neigh.” in the panel (Figure 6) to bringora
flexibility to the designers.

(2) The factor weight for all plot attributes aet as 1 by default. This means all kinds of plaitaites
will be treated equally while constructing the damty matrix. However, it is also possible at thiial stage
to setup different factor weight combination to ingeecial design preferences that intentionally lessze
or deemphasize certain plot attribute. This carrdadized by alter the factor weight setting in fhamnel
(Figure 6). Eq. (5) illustrates the relation betwéactor weight parameter and similarity coeffitien

(5)

1/2
s' =1 [Fi = F1) ] +[F 20 = F 2]+ +[R 0" = )*]?
] n
i =1,2,---,m; J =1,2;- m
Where Sij is the similarity coefficient between pl@nd plot j, F1, F2, ...,Fn are the various fastof
the plots, n is the number of factors, m is the banof plots, x1, x2, ..., xn is the factor weightdifferent
plot attribute.

5 CONCLUSIONSAND FUTURE WORK

The Urban Plot Ratio Allocation software introdudeahis paper is a flexible and credible tool foe
decision making of plot ratio allocation, based the understanding of urban form as a self-orgagizin
complex system regulated by its internal similariigtrix. By incorporating several methods for tapva
intervention, different development intentions d@n verified and compared with real-time feed bdwkt t
provides an effective and transparent channelhiicommunication of different urban developmentves
strategies. Equipped with basic graphic represemtathis software is also helpful for the study3&f urban
form and urban design, which can be further impddwe adding some shape grammar functions.

The parametric relational urban model is a robletfgrm for processing and cross breeding different
urban attribute data to generate meaningful readfnifpe internal relationship of urban fabric. [tevates
with urban attribute data as both its input andoouthat are inter-exchangeable. This ensures \eergal
application of this model on different researchigiesscenarios, such as planning on population,
transportation, land price, public facilities, eBesides, it is also possible to supply this mosigh data
gathered from social/cultural perspectives to aahia holistic view of the urban fabric. As an ahstr
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conceptual model, the parametric relational model @lso be applied on different levels of scalg,fsam
urban design scale to regional management scale.

The future research on the parametric relatiornzmmodel/urban plot ratio allocation software ban
concluded with two threads. The first one is to enaifective connections with available urban dagetend
urban analysis software, so as to supply the giityilenatrix construction with sufficient, accuraaed even
dynamic urban data. For that, direct connectiorsbtoe GIS and Space-syntax software are of greatst.

The second research thread is to adapt the gesiarddrity matrix to particular research perspeetiv
The general similarity matrix summarizes an ovesatilarity pattern from multi-layered urban atutbs
data. However, considering different research matspe, not all layers of urban data will weighuadjy for
the particular research question at study. In #e cstudy of Urban Plot Ratio Allocation softwattds
question is partially answered by letting desigtwesetup their customized factor weight combinafiom
top-down manner, so as to reflect their particdlasign considerations. However, it is also possible
introduce a genetic algorithm based function t@ lvath searching the optimized factor weight conaltion.
For that, the particular research perspective/guestin be regarded as another layer of urbarmatttriwith
incomplete information, such as the concept of pahdnd existing plots in the case study softwaheis,
the research question can be reformulated as, gimearban attribute layer with incomplete inforroati
how to apply the general similarity matrix to defithe missing information. In this case, the conéid
information from this incomplete urban attributgdawill be regarded as the predefined conditioth ased
as the reference for reconfiguring the generallanity matrix. It is at this step, genetic algorithcan be
introduced to search for the optimized factor weigbmbination of different urban attributes thatltoup
the general similarity matrix model. The outcometo$ genetic algorithm searching process will beew
factor weight combination that unifies the genesimhilarity matrix with the particular relational mnix
exhibited by the confirmed information of that imgplete urban attribute layer. In another word, pglging
genetic algorithm based optimization, the genenalilarity matrix can be customized for a particular
research question. What need to be noticed hdtaisthere will be multiple factor weight combiiaeis
that can fulfill the tolerance requirement of uiiy the general matrix and particular relationatnmaThis
literally reveals the fact that the very urban dtind can be interpreted from multiple angles, &nd up to
the designer to choose one particular angle. AgHerfuture parametric relational urban model epeip
with genetic algorithm searching function, this tenrealized by picking up the favorite combinaticom a
list of suggestions, or by predefining certainihttte factor weight then let the genetic algoriteearching
function to supply the rest.
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